We use a detailed dataset of seriously delinquent mortgages to examine the dynamic process of mortgage default -from initial delinquency and default to final resolution of the loan and disposition of the property. We estimate a two-stage competing risk hazard model to assess the factors associated with whether a borrower behind on mortgage payments receives a legal notice of foreclosure, and with what ultimately happens to the borrower and property. In particular, we focus on a borrower's ability to avoid a foreclosure auction by getting a modification, by refinancing the loan, or by selling the property. We find that the outcomes of the foreclosure process are significantly related to: loan characteristics including the borrower's credit history, current loan-to-value and the presence of a junior lien; the borrower's post-default payment behavior, including the borrower's participation in foreclosure counseling; neighborhood characteristics such as foreclosure rates, recent house price depreciation and median income; and the borrower's race and ethnicity.
1.

Introduction
During the recent mortgage crisis, discussions of the impact of mortgage default and foreclosures on homeowners, neighborhoods and the housing market have often assumed that the process is relatively deterministic -if borrowers do not make mortgage payments, their properties are foreclosed, vacated and repossessed by lenders. However, mortgage default and foreclosure are less a single event than a process with uncertain duration and an eventual resolution that can vary widely across lenders, borrowers and neighborhoods. In this paper, we use a dataset of loans in New York City to examine how the post-default outcomes of non-prime mortgages vary with borrower, loan and neighborhood characteristics. The richness of our data both provides a more accurate and comprehensive set of controls than previous research and allows us to paint a clearer picture of what happens to distressed borrowers and their homes.
The complete process of mortgage default -from initial delinquency to final resolution of the loan and disposition of the property -is relatively unexplored in the literature, primarily because researchers have been unable to follow individual borrowers from loan origination to default to the beginning of the foreclosure process and through to specific resolutions such as a modification, the borrower refinancing the mortgage or selling the property, or the lender demanding an auction sale of the property. Moreover, few post-default studies use data spanning the recent foreclosure crisis in the United States, which saw markedly different types of borrowers and loan products than in previous years. By contrast, the dataset we have assembled contains detailed recent information that allows us to examine the entire dynamic process. We explore a wide range of factors that are associated with a loan's path after default, examining both the factors relating to a foreclosure notice, and those relating to the ultimate resolution of any foreclosure. We are particularly interested in factors that relate to a household's ability to avoid foreclosure by getting a modification, refinancing the loan, or selling the property.
The relevance of our research is underscored by the fact that despite significant efforts over the last few years to develop interventions to help borrowers keep their homes, there has been widespread dissatisfaction with the success of these measures. Policy-making, both at the government and at the lender and servicer level, should begin with a better understanding of the factors associated with the various outcomes of defaults as the harm resulting from mortgage default will differ depending on how the default is resolved.
To analyze the pathways from mortgage distress to ultimate resolution, we have combined New York City data from a variety of sources, including: loan application and underwriting information such as borrowers' credit scores and loan-to-value ratios (LTV); dynamic mortgage servicing records that include detailed loan terms, payment and termination information, including modifications; legal documents for the property, including mortgages, foreclosure notices (lis pendens), and deed records spanning origination to termination of the loan and resale of the property; and a variety of property-specific and local neighborhood characteristics. In addition, we calculate current LTV using repeat sale house price indices for community districts (political jurisdictions within New York City), that average just over four square miles each.
Importantly, the data allow us to examine the entire complex sequence of decisions distressed borrowers and their lenders face. There are many possible courses of events once a borrower is delinquent, even before a legal foreclosure notice is received. Some borrowers are able to catch up on payments or obtain a loan modification. Others may be able to repay by refinancing.
Some borrowers may choose to sell the property, which forces them to move, but avoids foreclosure and the lowered credit rating and higher future borrowing costs that it entails.
Borrowers might also ask to turn the property over to the lender before foreclosure proceedings are initiated (deed in lieu transfers). Finally, the lender may choose to forbear on the enforcement of its rights, and allow the borrower to stay in the house without immediately pressing for repayment of the delinquent amounts. These possible post-default but pre-foreclosure outcomes are illustrated in Figure 1 as the first stage of the foreclosure process.
Borrowers who receive a lis pendens, a legal notice of foreclosure, then face multiple possible outcomes. The borrower may still have the option to refinance the loan or to sell the property and repay the lender. The borrower and lender may still agree to modify the mortgage, or the lender may agree to accept a deed in lieu of foreclosure. The lender may choose to force the property to be offered at a foreclosure auction, and if the property does not sell for more than the lender's reserve price, the lender may take back the property so that it becomes real estate owned (REO). Finally, the property may essentially stay in limbo, with the lender taking no action to bring the property to auction. We analyze the path to ultimate outcomes using dynamic competing risk models that allow us to examine factors that may change along the path from mortgage distress to resolution (for example, LTV may change as housing prices evolve over time.) We implement a two-stage approach, first estimating the likelihood of a lis pendens and pre-foreclosure resolutions such as a modification, refinance or sale, then estimating the likelihood of competing post-lis pendens outcomes, including foreclosure auction. Such a model allows us to distinguish between factors associated with outcomes that occur before a foreclosure notice is served, and those associated with outcomes that occur afterwards.
Our empirical results show that the outcomes of the foreclosure process are associated with a mix of many factors. Here, we briefly outline some of the most important findings.
Loan characteristics.
We find that borrower risk variables matter a great deal, but in ways that may at first seem counter-intuitive. After controlling for loan terms, borrowers with worse credit scores at origination are less likely to receive lis pendens and go to auction, and more likely to receive modifications or refinance the loan on their own. This seemingly surprising result may signal that after controlling for loan terms, non-prime borrowers with higher credit scores are adversely selected in ways that are unobservable to the researcher, but are observable to servicers and underwriters so that lenders avoid giving these borrowers modifications, and the borrowers find it difficult to obtain a new refinance loan elsewhere. The result could also be due to the greater declines in credit scores that are experienced by borrowers with higher credit scores at origination.
Current LTV also has an important relationship to post-default outcomes. Underwater borrowers face a discontinuous hurdle in refinancing or selling because they either have to provide additional cash at the time of transfer or persuade the lender to accept less than the balance due.
Consistent with this, we find that borrowers with higher current LTVs are much less likely to avoid foreclosure by refinancing their mortgage or selling their homes, but are more likely to receive a modification. This likely reflects both the lower likelihood that the lender will be able to recoup losses by going through the foreclosure process when LTV is high, as well as the probability that lower LTV borrowers who cannot refinance are adversely selected and would not be able to repay, even with a modification. Having a junior lien is correlated both with a lower likelihood of modification, and increased likelihoods that the borrower will receive a lis pendens and that the property will go to auction.
Borrower behaviors.
Several borrower behaviors are associated with whether a loan is modified. Borrowers who make some payments post-default are more likely to get a modification, but the effect is non-monotonic: the chance of a modification declines as the fraction of payments exceeds one half, presumably because these borrowers have demonstrated an increased ability to cure the loan on their own. Loans that are older by the time they default are more likely to be modified, perhaps because the borrower has demonstrated a longer period of prompt repayment.
We also find that borrowers who received foreclosure counseling are more likely to receive a modification, although we are not able to discern what part of this effect is due to selection.
Neighborhood characteristics.
Our dataset allows us to analyze neighborhood characteristics at the census tract level, a level of geographic detail few studies provide. We find that high rates of foreclosure in the surrounding census tract during the recent past are associated with an increased likelihood of a lis pendens and of a foreclosure auction, and a reduced likelihood of modification. We also find a positive association between the likelihood of modification and whether the community district in which the property securing the loan is located has suffered recent house price depreciation. Foreclosure rates may be acting as leading indicators for further house price depreciation or may reflect greater depreciation than is captured in the community district level house price indices. If that is the case, while modifications are more likely in depreciating areas, lenders may be reluctant to modify loans in neighborhoods with high rates of foreclosure for fear that prices in those neighborhoods may be especially likely to decline further.
For those neighborhoods, lenders may rather move through the foreclosure process quickly before prices fall further. Additional census tract level characteristics that are significantly associated with post-default outcomes include the share of non-prime mortgages originated in the two years before the loan's origination, median income, and the tracts' composition of residents by race, ethnicity and immigrant status.
4. Borrower race and ethnicity. We find that Hispanic and Asian borrowers are much more likely to end up at a foreclosure auction. Both black and Hispanic borrowers have a greater likelihood of modification.
Our results are largely descriptive. It is important to keep in mind that each of the postdefault outcomes is the result of the interaction between the lender, the servicer of the loan and the borrower. As such, the interaction is likely complex, with servicers potentially having incentives unknown to the borrower (and possibly at odds with the interests of the lender).
1 This may lead to involved game theoretic interactions that are beyond the scope of this paper. We have not attempted to model this interaction 2 , but rather have documented the relevant facts about the outcomes that should be useful immediately to borrowers, lenders, servicers, non-profit organizations and policymakers and may serve to motivate more theoretical modeling of postdefault processes in the future.
Previous Literature
There is a great deal of research about the factors that determine whether and when a borrower defaults. Our focus, however, is on the determinants of post-default outcomes. Early, pre-housing crisis research on the factors associated with post-default outcomes focused primarily on describing the characteristics of households whose homes were foreclosed. Lauria, Baxter and Bourdelon (2004) , for example, surveyed borrowers who suffered between 1985 and 1990, and found that neither the borrowers' race nor the racial composition of their neighborhoods affected the length of time between initial delinquency and foreclosure. Ambrose and Capone (1996) , on the other hand, found that lenders tended to offer non-white borrowers more time before initiating foreclosure, but that the eventual foreclosure rates of white and nonwhite borrowers were virtually equal. Other early work also focused on the characteristics of the mortgages that determined postdelinquency outcomes. Ambrose and Capone (1998) properties, that black and Hispanic borrowers' properties are more likely to go to auction. Subprime borrowers and non-owner occupiers also were more likely to sell their homes. The authors could not distinguish, however, between forced sales resulting from mortgage default or the initiation of foreclosure proceedings and voluntary sales that may have netted the profits for the owner.
Another approach to analyzing the determinants of post-default outcomes uses information from loan servicers on the actions taken by borrowers and lenders in each month over the life of the loan. Danis and Pennington-Cross (2005) , for example, used a sample of fixed rate mortgages (FRMs) originated between 1996 and 2003 from LoanPerformance and found that higher credit scores and longer periods of delinquency are associated with higher probabilities of prepayment than of foreclosure, while negative equity is associated with a greater probability of entering foreclosure than prepayment. Using a larger sample over the same time period, Danis and Pennington-Cross (2008) found that delinquent borrowers with higher credit scores are less likely to enter foreclosure, but (contrary to their earlier paper) also are less likely to prepay. They also found that local house price depreciation and volatility are important predictors of entering foreclosure, but that unemployment rates are not. Pennington-Cross and Ho (2010) Chomsisengphet and Evanoff (2011) used the national OCC-OTS database to study the determinants of liquidation versus "renegotiation" (which they define as modification, repayment plans, and refinancing), and found that seriously delinquent securitized loans are significantly less likely to be renegotiated than similar bank-held loans.
Finally, researchers also have begun to examine the efficacy of efforts many non-profit organizations and local governments are making to provide counseling to borrowers at risk of foreclosure. That research generally finds that counseling is associated with improved outcomes, but it is difficult to distinguish between the impact of counseling and self-selection into counseling in these results. Collins and O'Rourke (2011) summarize the literature well; in addition to the studies in that review, Been, Weselcouch, Voicu and Murff (2011) found that counseling is associated with a greater likelihood that a borrower will modify the loan and avoid liquidation.
In sum, the evidence about post-default outcomes has some consistent themes, but is often hard to harmonize and reconcile because of different definitions of the various post-default outcomes, differences and limitations in the data and methodologies used, and differences between the types of loans studied. While recent studies that have detailed information on borrowers' and lenders' decisions in every month over the life of the loan improve upon studies that only observe at origination and at the eventual outcome, even those more recent studies are limited by the lack of information recorded by the servicer on the actual property. For example, they often cannot distinguish between loans that were refinanced and properties that were sold, and cannot control for property-or neighborhood-level characteristics that may be important. Our analysis advances the study of post-default outcomes by merging dynamic loan level information with extensive data about the borrowers, the properties, and the neighborhoods in which the properties are located.
Data Description
Mortgage data from New York City
The starting point for our analysis is the mortgage dataset first described in Chan, Gedal, Been and Haughwout (2010 After dropping loans that did not match to ACRIS property identifiers, a few loans with missing values of key variables, and loans that were already in default by the time they appeared in the LoanPerformance database, the resulting dataset has 140,033 mortgages and a wealth of information on the loan terms, the borrowers, the properties and their neighborhoods.
In our analysis, we define borrower default as being at least 90 days past due on payments.
To determine whether and when the property entered foreclosure, we merged on property-specific lis pendens information (legal notifications of foreclosure proceedings) that allows us to tell whether any refinance, sale to a third party or transfer to the lender occurred before or after the initiation of foreclosure proceedings. The ACRIS deed records are used to classify all post-default property transfers as arms-length transactions to a third party, deed transfers to the lender in lieu of foreclosure proceedings, auction sales to a third party, or REO, and the ACRIS mortgage records are used to distinguish loan terminations associated with a refinance of the loan from those associated with a sale of the property. 7 We are thus able to track each of the post-default outcomes displayed in Figure 1 . By the end of the observation period in October 2010, about a third of all borrowers had been 60 days or more delinquent on payments at some point in our study period, and the vast majority of these had fallen even further behind and entered 90-day delinquency. In our estimation sample of loan records over time, loans are followed from their first 90 day delinquency to foreclosure resolution, or until October 2010. This gives us 40,218 loans and a total of 632,345 loan-months. A subsample of these (30,258 loans) also matched to HMDA data.
While our data is from New York City where Manhattan is a fairly atypical housing market, the other counties we study -Brooklyn, the Bronx and Queens -are where most of New York City's foreclosures have occurred. These other counties are like many other large cities in the U.S. in terms of the nature and quality of the housing stock, density, and neighborhood demographics.
Where New York City may differ from the rest of the nation is in the length of the foreclosure process. This tends to be longer in judicial foreclosure states such as New York, but has been increasing over time in all states since the foreclosure crisis began. By September 2010, the average time that a foreclosed mortgage had spent in delinquency was 16 months nationally, compared to 19 months in New York State. the majority of these were modified before receiving a lis pendens. One fifth of the defaulted loans prepay through refinances and sales; the majority does so by sale of the property, with over two thirds of these selling after receiving a lis pendens. The smaller number of refinances that occur, in contrast, do so mostly before receiving a lis pendens.
Distribution of post-default outcomes
Of the properties that received a lis pendens, 14 percent went to auction. The majority of these (86 percent) failed to sell and reverted to bank ownership. Because so few of the foreclosure auction properties actually sell, in our analyses below, we combine the auction sale and REO outcomes into one foreclosure auction outcome. A negligible share of properties was recorded with a deed in lieu transfer, so we drop the pre-lis pendens deed in lieu observations and group the post-lis pendens observations with the REO properties in our analysis.
The "unresolved" category in Table 1 includes loans that were not matched to an outcome using recorded documents from ACRIS. This includes loans that defaulted late in the observation period, as well as a very small number of loans that are right censored in the LoanPerformance data before the end of the observation period. It also includes defaults that may have been resolved by the borrower or the lender in a way not recorded in our loan records. In particular, we are unable to observe forbearance or other workouts that allow the borrower to catch up on missed payments.
To briefly delve into this category of loans, we further classify them in Table 1 as "cured", meaning the borrower becomes current on the loan after default and remains current through the end of the observation period in October 2010 (3 percent of all loans); "remained delinquent", meaning the borrower never became current again after first entering default (44 percent); and "cycled", meaning the borrower became current after initial default, but subsequently returned to 90 day delinquency (6 percent). While other analyses treat cure, or partial cure, as a terminal outcome, we are reluctant to call "cured" a final outcome because of the large number of loans that temporarily cure but end up delinquent or in default again, even in our limited sample timeframe. These "cured" loans will likely end up in one of the other categories given time. Foreclosure rates in the mortgaged property's census tract are, on average, 2 percent in the six months prior to initial default. 12 House prices in the property's community district declined by an average of 8 percent in the year preceding initial default. The average share of black residents in a property's census tract was 48 percent (based on the 2000 Census), reflecting both a higher proportion of blacks in our sample of non-prime loans in default, and the relatively high levels of residential racial segregation in New York City such that blacks are more likely to locate in predominantly black neighborhoods. The data for borrower race and ethnicity in Table 2 come from the HMDA subsample: 38 percent of borrowers are black, 19 percent are Hispanic, and 9 percent are Asian.
Exploring the Factors Affecting Post-Default Outcomes
Empirical strategy
Our empirical strategy employs a discrete time proportional hazard framework with competing risks to explore the factors associated with post-default outcomes. In each stage of our analyses, the probability that mortgage i will transition to outcome j at time t, conditional on not having previously transitioned to any outcome is given by the following hazard H:
H it (outcome=j) = MNL ( θ j months since default + β j loan and borrower characteristics it + γ j borrower behaviors it + δ j neighborhood characteristics it + α j calendar and origination year fixed effects)
where MNL is the standard multinomial logit functional form, and α j , β j , γ j , δ j and θ j represent vectors of coefficient estimates for each outcome j.
We include time since default among the covariates to allow the hazard rate to be timedependent. To control for city-, state-, or nation-wide macroeconomic factors such as unemployment rates and city-wide house price movements, we include calendar year fixed effects.
The origination year fixed effects are intended to pick up any city-wide systematic changes in mortgage characteristics over time, including average borrower risk and underwriting standards. To control for unobserved heterogeneity and possible dependence among observations for the same loan, we use a robust variance estimator that allows for clustering by loan.
We start by estimating a two stage model, as summarized in Figure 1 . The first stage corresponds to the time up to the filing of a legal foreclosure notice (lis pendens) by the lender. Five outcomes are possible: (i) the loan is modified, (ii) the loan is refinanced, (iii) the property is sold in an arms-length transaction, (iv) a lis pendens is filed, and (v) no resolution (none of the above outcomes). The second stage is conditional on receipt of a lis pendens. The five possible outcomes are: (i) the loan is modified, (ii) the loan is refinanced, (iii) the property is sold in an arms-length transaction, (iv) the lender sells the property at auction, or retains as REO, and (v) no resolution (none of the above outcomes). Because the effects of many variables do not change between the first and second stage, we also estimate a reduced form collapsed model whereby the five unconditional outcomes correspond to those in the second stage above.
Results
Table 3 presents our results. The first set of columns gives estimates for the first stage transitions. In the second set of columns are the estimates for the second stage, which is conditional on having received a lis pendens. Relative risk ratios (and p-values) are reported, relative to the no resolution outcome. 13 The third set of columns contains analogous estimates for the reduced form collapsed model. In Table 4 , we present results of the same set of models, but include the HMDA variables. Although this is a subsample of loans that matched to HMDA, the coefficients on the 13 The relative risk ratio is the exponentiated value of the multinomial logit coefficient.
non-HMDA variables are very similar to those in Table 3 . Throughout this section, we will describe a variable as associated with a greater likelihood of a particular outcome (or as "more likely") when the estimated relative risk ratio for the variable is greater than one. 14 Our results here are descriptive and it is important to note that while post-default outcomes will depend on both observable and unobservable factors, we can only incorporate those that are observable in this analysis.
Loan characteristics
The first set of rows in Table 3 shows the association between the various outcomes and the loan type interacted with the relative initial interest rate on the loan. 15 FRMs and ARMs with relatively lower interest rates at origination, as well as interest only mortgages, are less likely to receive a lis pendens than are non-standard mortgages (the reference group) and loans with relatively higher interest rates at origination. These results may reflect a belief on the part of lenders that borrowers who have chosen or qualified for less exotic and less expensive mortgages may be more likely to cure or refinance, which could lead lenders to delay filing a lis pendens even when faced with serious delinquency. Similarly, the lowest interest rate FRMs and ARMs are significantly and substantially less likely to end up at a foreclosure auction. 16 Interest only loans and FRMs are more likely to be modified compared to other product types, and among FRMs, higher interest rates are associated with a greater likelihood of modifying, particularly after receiving a lis pendens. Lower 14 A relative risk ratio greater than one in the MNL framework implies a greater probability of that particular outcome as compared to the reference outcome. It does not necessarily imply a greater absolute probability of that particular outcome, because the absolute probability will also depend on the baseline probabilities of the other outcomes. 15 The relative interest rate at origination for FRMs is calculated as the loan's interest rate minus the Freddie Mac average rate for prime 30-year FRMs during the month of origination. For ARMs, it is the loan's initial interest rate minus the six-month London Interbank Offered Rate (LIBOR) at origination. 16 Our results are contrary to Capozza and Thomson (2006) who find that loans with high interest rate premia are less likely to be foreclosed, and that FRMs, loans with standard documentation and high LTVs are more likely to be foreclosed. The difference may reflect the different time periods studied (2001 -2002 originations for Capozza and Thomson versus 2003 -2008 , the different populations studied (6,000 subprime loans from one lender, versus most non-prime loans originated in New York City here), or the fact that we look at the full range of post-default outcomes that may occur (rather than the more restricted outcomes they study), during a time when the federal, state and local governments were incentivizing modifications.
relative interest rate FRMs are more likely to be refinanced, likely reflecting a selection effect whereby borrowers that are better risks in ways that are unobservable in our data, were originally able to get more competitive rates and are able to find another lender to refinance their loan following default.
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Loans with larger current balances are more likely than those with smaller balances to experience one of the terminal outcomes rather than remain in delinquency. Those in the highest quintile of loan balances have a 50 percent greater relative risk of receiving a lis pendens and a twice as large relative risk of auction than loans in the lowest quintile. 18 The smallest loans may be associated with a lower chance of arriving at auction because of fixed costs faced by a lender in the foreclosure process. The association between the current loan balance and modification is also monotonically increasing: loans with balances in the highest quintile have a relative risk of modification that is over one third higher than those in the lowest quintile. This could reflect a greater incentive for these borrowers to seek a modification, as well as the substantial fixed costs associated with modification making larger loans more worthwhile for lenders to modify. A large outstanding loan balance is one of the strongest predictors of refinance and sale, especially before receiving a lis pendens, which may reflect that borrowers who originally qualified for a large mortgage have a greater ability to pursue other options, as well as a greater incentive to do so.
Importantly, we find a generally monotonic relationship between borrower FICO score and the likelihood of receiving a lis pendens and going to auction, with better (higher) credit scores associated with a higher likelihood of a lis pendens and auction. While we cannot observe contemporaneous FICO scores, the Fair Isaac Corporation has shown that borrowers with higher 17 We also tried specifications that included the current rate premium (the current rate on the loan minus the Freddie Mac average rate on 30 year FRMs), because it is usually an important predictor of prepayment behavior. However, this was not significant in explaining refinances and sales, probably because it is highly correlated with the relative rates at origination, and because we also have calendar year dummies in our model. 18 This finding is in contrast to Pennington-Cross (2010) , who found that the relative risk of REO decreases as the unpaid balance increases.
original scores suffer a larger decline in scores following delinquency, default and foreclosure (Christie, 2010) . Thus, our result likely implies that borrowers who have suffered a larger decline in FICO score since origination are more likely to receive a lis pendens or go to auction. It is important to note that we have already controlled for loan type and some loan terms, which will have been driven in large part by the borrower's risk characteristics at origination, so this FICO score result (and analogously, those that follow) should be interpreted as conditional on these loan characteristics.
One possibility is that lenders may think that higher credit score borrowers who are 90 days delinquent may be having trouble repaying as a result of some fundamental change like divorce, job loss or poor health, because they have a history of regular repayment compared with lower credit score borrowers, with more erratic payment histories. Since our sample consists entirely of nonprime loans, it is also likely that conditional on loan type and terms, the higher FICO score borrowers are adversely selected in ways that are known to lenders, but that are unobserved in our data. This would similarly explain the otherwise puzzling result of lower FICO score borrowers being more likely to refinance.
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Modifications are much more likely among borrowers with lower FICO scores at origination. 20 Overall, borrowers with scores below 590 have a relative risk of modification that is twice that of borrowers with scores above 720 (the reference group). This might suggest that lenders are reluctant to modify loans for borrowers who have a fundamental problem (as above) or who have strategically defaulted, that is, chosen to miss payments despite having the ability to pay.
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Loans with higher LTVs have a lower relative risk of receiving a lis pendens and going to auction. For these higher LTV loans, lenders may believe that the net present value of the mortgage if the borrower continues to try to make payments is higher than the lender's expected return from selling the property, or they may be concerned with potential liability issues for maintenance, taxes and injuries while the property is vacant. 22 For the lower LTV loans, the failure of the borrower to sell the property and repay the mortgage is seemingly irrational, and lenders may interpret this inaction as a problematic signal and proceed quickly with the foreclosure process.
The loan's current LTV has a strong and monotonically increasing association with the likelihood of modification, with loans greater than 120 percent LTV having twice the relative risk of modification compared to loans with less than 80 percent LTV. This is consistent with other research and likely reflects a greater willingness of lenders to modify loans for which repossession would result in the greatest losses.
Loans with higher current LTV are associated with a lower likelihood of a refinance or sale, reflecting the difficulty of either course of action when equity is negative or nearly so. The estimates suggest that the relative risk of refinancing or selling the property when the loan is underwater is less than half that for those at 80 percent LTV or lower. Having an additional lien is associated with an increased probability of a lis pendens and auction. Conditional on combined LTV, a loan with a junior lien at origination will have a lower first-lien-only LTV, and thus an auction sale is more likely to cover the balance owed. A junior lien also makes it less likely a borrower will get a modification, which is not surprising given the well-known difficulty of negotiating a modification when more than one lender is involved.
Full documentation loans are associated with a higher likelihood of modification relative to loans with no or low documentation. Among these full-documentation loans, those with DTIs over 22 Some have argued that some banks have delayed foreclosure sales to avoid realizing loan losses. Banks might equally well delay even beginning the foreclosure process on underwater properties for the same reasons.
45 are even more likely to modify, possibly because there is more scope for reducing the DTI as part of the modification. Full documentation borrowers who had lower DTIs at origination were more likely to be able to avoid foreclosure by refinancing.
Compared to home purchase loans, refinances are less likely to receive a lis pendens, less likely to go to auction, and more likely to be modified or to refinance. Purchasers, which includes all firsttime homebuyers, are likely to have shorter homeownership and mortgage borrowing experience than refinancers and thus may be more likely to end up at auction. Sales are less likely among refinance loans, possibly reflecting a longer housing tenure and attachment among those who were originally refinance borrowers.
Owner-occupiers have a lower likelihood of receiving a lis pendens and a higher likelihood of modification than do investors, consistent with other literature. Owner-occupants also have a lower likelihood of sale, again possibly reflecting attachment or possibly the fact that non-occupants were not included in any programs to help borrowers avoid foreclosure.
Larger ARM payment shocks are associated with a lower relative probability of modification, with loans whose payments are at least 25 percent higher since origination having a relative risk of modification that is approximately half that of borrowers whose payments increased by less than 25 percent. ARMs with monthly payments that are at least 50 percent larger than they were at origination are also much more likely to receive a lis pendens.
Borrower behaviors
Modifications are more likely, and lis pendens and auctions less likely, the greater the number of months between origination and the initial default date. This could reflect a greater willingness of lenders to work with borrowers who have a longer track record of payment. The length of time between origination and default also reduces the likelihood of refinancing or sale, the latter perhaps reflecting greater borrower attachment to the home.
We control for the fraction of monthly payments made by the borrower since their initial default, and find that those who have made more than half of these payments are less likely to receive a lis pendens than those who have made no payments -unsurprisingly, lenders are less likely to foreclose on borrowers who continue to repay, even some of the time. Borrowers who have made some payments are also more likely to obtain a modification, although this effect is nonmonotonic. Borrowers who have made fewer than half of the monthly payments since defaulting have a relative risk of modification that is over two and a half times greater than those making no payments (the reference group), while those making more than half the payments have relative risks that are less than two times greater. Lenders may be more likely to modify those who can show some ability to continue making payments, while not wanting to modify (as much) those who seem able to catch up on their own. This latter group of borrowers may also be less likely to seek a modification.
For ARMs, modifications pre-lis pendens are more probable shortly after the initial rate adjustment, and this effect decreases over time. Defaults that occur within this window are more likely due to the borrower being unable to deal with the higher mortgage payments than are defaults outside of this window, which may be more likely due to other financial distress, such as job loss.
The indicator variable for foreclosure counseling is defined to be equal to one in the months after a borrower receives the counseling. We find that the receipt of counseling is significantly associated with an increased relative risk of modification, and that the effect is more pronounced after the receipt of a lis pendens. This result suggests that counseling may help borrowers better negotiate modifications with lenders, although some part of this effect could be due to selection.
Other studies of foreclosure counseling (see the review in Collins and O'Rourke, 2011) tend to find that counseling helps borrowers avoid foreclosure, even though there is always evidence of selection bias when that counseling is voluntary.
Neighborhood characteristics
Conditional on current LTV, properties in community districts with house price depreciation greater than 10 percent in the past year are associated with a lower probability of receiving a lis pendens. 23 But once a lis pendens is filed, greater neighborhood price depreciation is associated with a greater likelihood of ending up at auction, even after controlling for current LTV. Loans that are in community districts with any housing price depreciation in the past year are more likely to be modified, again, after controlling for current LTV. Lenders might target declining house price areas for modification because borrowers in appreciating areas will have more options in terms of selling or refinancing the property to avoid repossession. Borrowers in declining house price areas with positive equity or with high psychological or other costs of moving might be more likely to seek a modification to help them ride out the decline. We find that borrowers in neighborhoods with house price growth in the past year are more likely to refinance their loans, but these coefficients are not statistically significant.
We find a positive and monotonically increasing association between the rate of foreclosure notices in the neighborhood within the prior 6 months and the probability of receiving a lis pendens and of going to auction. A foreclosure rate of over 4 percent in the surrounding census tract increases the relative risk of a lis pendens by one third, compared with mortgages in tracts where the foreclosure rate is less than 1 percent (the reference group). These foreclosure rates are plausibly exogenous to each borrower, and they may serve as a proxy for reduced stigma associated with going through the foreclosure process when one's neighbors also are doing so (see Haughwout,
Okah and Tracy, 2009). To some extent, the foreclosure rates may also proxy for very local 23 Note that we already control for origination year and calendar year.
neighborhood economic conditions, such as unemployment, that affect the borrower's ability to repay loans. Further, neighborhood foreclosure rates may reflect expectations about future house price depreciation that are not captured in price indices based on recent sales transactions. We already control for house price depreciation in the past year and found that foreclosure proceedings are less likely to be initiated in areas where prices have already declined. If high foreclosure rates signal further house price declines, lenders may want to move loans in those neighborhoods through foreclosure more rapidly in order to avoid further erosion of their collateral.
On the other hand, the likelihood of modification falls monotonically with recent foreclosure rates in the property's census tract. Because foreclosure rates are measured at the census tract level, while the house price indices are at the larger community district level, greater house price depreciation in higher foreclosure tracts compared with the community district average would lead to systematically overestimated housing values and underestimated current LTVs for loans in high foreclosure neighborhoods. 24 Thus, higher recent foreclosure activity in the neighborhood could be acting as a proxy for the extent of very localized depreciation. Taken together, the effect on recent house price depreciation and foreclosure rates may mean that while modifications are more likely in generally depreciating areas, lenders avoid modifying loans in the neighborhoods with the very worst house price performance.
The rate of foreclosures in the surrounding census tract has a generally negative effect on the probability of a refinance. The possibility that foreclosure notices are a forward indicator of falling house prices may make it more difficult for borrowers to secure new loans in these neighborhoods; or borrowers may simply not demand refinances in these circumstances and rather, just give up.
We also included in the specification the non-prime share of mortgages originated in the 24 Foreclosures could be causing diminished house price appreciation by increasing the housing supply on the market and driving down prices. And, they may generate negative externalities such as the visible deterioration of properties that lead to lower property values in high foreclosure tracts relative to others in the same community district.
census tract during the two years prior to the loan's origination. The non-prime share is positively associated with receiving a lis pendens and arriving at auction. Loans in tracts where this non-prime share was more than 20 percent have a relative risk of receiving a lis pendens that is 17 percent higher, and a relative risk of auction that is 39 percent higher, than loans where the non-prime share was less than 10 percent (the reference group). The non-prime share of mortgages at origination also increases the likelihood of modification before lis pendens. There are several possible explanations for these results. It may be the case that non-prime shares at origination are a leading indicator of high foreclosure rates and lower housing values, prompting lenders to push loans into foreclosure before even more value is lost. It may also be that particular lenders are concentrated in these areas and that the model is picking up different behavior by those particular lenders. Another possibility is that areas with high non-prime shares were "targeted" by aggressive mortgage lenders for loans that were inappropriate in ways unobserved in our data. Servicers now dealing with these distressed loans may see the pattern, decide that there is little chance that such loans will ever be profitable in their current form, and therefore offer a modification, or alternatively, proceed through the foreclosure process as quickly as possible. If this is true, then the share of non-prime originations in a neighborhood is acting as a proxy for poor underwriting standards or other inappropriate practices at origination that are unobserved by the researcher, but are observed by the servicer.
For neighborhood income and racial and ethnic composition, we find that loans in poorer neighborhoods are associated with a lower likelihood of a lis pendens or auction. This is possibly due to these being more modest properties that do not justify the lender's fixed costs of foreclosure proceedings. Conditional on neighborhood income and all the other factors above, loans in census tracts with higher shares of black residents are associated with a higher likelihood of a lis pendens than loans in tracts with lower shares of black residents. In contrast, black residential composition has no clear association with auctions. Loans in tracts with higher shares of Hispanic residents are more likely both to receive a lis pendens and go to auction, while those in neighborhoods with relatively more immigrants are no less likely to receive lis pendens, but are much less likely to go to auction.
Loans in tracts with median annual income less than $30,000 are less likely to receive modifications than those in neighborhoods with median income over $40,000 (the reference group).
However, conditional on this, larger shares of black residents are associated with a greater likelihood of modification. Overall, loans in tracts that are over 60 percent black have a relative risk of modification that is at least one quarter higher than loans in tracts that are less than 20 percent black.
This magnitude is slightly lower when we control for the borrower's own race, as Table 4 shows, but the effect is still statistically significant. Modifications are also more likely for loans in neighborhoods that are more than 40 percent Hispanic. We did not find any effect of the share of Asian or immigrant residents on the relative risk of modification. Table 4 shows that overall, Hispanic and Asian borrowers have a relative risk of ending up at a foreclosure auction that is 19 and 42 percent higher respectively, compared with other borrowers.
Borrower characteristics from HMDA
Black and Hispanic borrowers are 16 and 18 percent more likely than other borrowers to have their loans modified. However, the likelihood that a borrower will sell or refinance is independent of her race and ethnicity.
Loans with a co-borrower are less likely to receive a lis pendens and go to auction, and more likely to be modified than those without co-borrowers. Co-borrower loans are more likely to refinance, possibly reflecting a smaller variance in income when there are two borrowers, and thus a higher likelihood of obtaining new credit. On the other hand, loans with co-borrowers are less likely to sell, perhaps reflecting generally lower mobility rates among couples. The remaining non-HMDA variables have coefficients that are very similar to those in Table 3 .
Conclusion
Using a rich data set, we have shown how post-default outcomes (including the foreclosure notice, modification, refinance, sale, and foreclosure auction) are associated with the type of loan and its terms, borrower characteristics and behavior, and the characteristics of the neighborhood.
As noted at the outset, our results are largely descriptive and we have not tried to model either the complex set of incentives the lender, servicer and borrower face, or the interactions among the parties. Nevertheless, we have made an important contribution by documenting, with very detailed data, associations that researchers, policymakers and practitioners should consider in trying to craft better solutions to the still-unfolding foreclosure crisis.
The outcomes of borrower defaults and foreclosures have implications not just for the lender and the household's financial well-being, but also for the health of the surrounding neighborhood. Homes in financial distress may depress local house prices through deterioration of the property, and foreclosed properties may become vacant and lead to more crime, vermin, or other negative effects. Properties that sell at auction or become REO may also lower house prices in the surrounding area by increasing market supply and by lowering nearby appraisals. For these reasons, the various outcomes of distressed mortgage borrowers have far-reaching consequences for lenders, households and neighborhoods. Understanding the factors associated with more favorable outcomes will facilitate more targeted and effective interventions. 
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